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Confocal ^stein^Distanc^sensor 


^^^^ 
Field of tho fn^j^ 

i^2] The invention generally re i a ^c frt „ , 

Background of Uiejnjgntion 

fined by " °" 3 - >- 

• fi<«4 This „ oecilu , e ' f , ,nSK aCCUraKly bef0re ""P"** 

— ^sz^zt^ wwch resuit fa * ~ — - 

afie, fi tting . C ° naCCti0n ^ «- - 'onger be 

™ m ber of ^ uirement , For * "J""' COmPOn£nt! ™ sub *« <° « ^ 
eo P Ia„an,y of the el£ctrica| co ^ " '" SpeC,w "' »* - * dimensions. A. 

po S , W e. ^ . low z::2T cuon wi,hin as short a ™ ^ - 

be me, by „ ptica) TOthods fc * - " y omy 

measunng surface profiles. Runtime methods 
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tnangulation methods and confnrai ^tu ^ 

such a come*.. me ' h0dS *» ln ° W " methods i„ 

, he jzt. C" fram 11,6 ""-^ ° f a ,ight >-* 

method, rZ'ZlTT" 1 indUde - ^~c 

of an optic* eJeme* Z ? en " S,ena ' " Se " erated * — *- ~», 

uperftcal tmage aequtstoon of a surface to be measured, 
deformation of the lemnla„ n „ >' ^ inCluded - 35 *' 

.he! i Zf d T? onto lhe surface ,o - recorded ' *» 

scatter, as surfaces with „„i™, J SUrfaces wi,h isotro P'= 

cannot reflect the e^lT T '* " ^ 

surface due to ^ I " ! "* " * - WrUnrensiona, 

ball in-spection usine struma ■« • measured, a solder 

n using structured illumination is eenera.lv im nn k, 
problematic. generally impossible or ex-tremely 

Point of contact of the 2 IT " ^ W " h * '™ "« - - 

'-rbean, i„ a defined nranner ^ """^ ™ '° *»« «* 

^ween the object and lie b 7^ 3 ^ - ta — — 

g have the disadvantage that a large number of 
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surface points canno , „ D0CkC ' Na ™<*400SMS 

£2228L_Co„focal optica, methods for mea Sun „ e three ditnen • , 
characterized by hig,, and JfT**""* surface, are 

«» Vantage that surfaces ca „ be „ T 0ptica, also have 

-ch is too o M i q ue in reaped the sic d " " ** » " "* 

Wich has been k„ own for , ,„ ^ " 0t 0C<:ur - Confocal microaeopy. 

— « aensors aiso have the di Jy^eTa T C °~ nal " 
-.".red between the sensor and J^Z ^ *«» — * 

rapid foca, ra0 ve m e nt , achieved ^ w mMS " " » 
retroreflector using . linear ^ I 

«*n..e .mages can be acoutzed by ^ ^ » »*"<* 

"mere i„ a direction perpendtcuiar to ihe camlrT » 

confocal sensor is also suitable for • reason "« ""^cd 

■mage areas have to be measured by meande i SCan " eCl ' inC ' 

generated by displacement of the retro . ' m ° VemeW «• 

•° ^ d ispl aced than with c^ZTT " ^ ^ 3 "»"« — 


; mass inertia of 
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^ tt "^* e4,Mte f« fl *»«^ An c,„h J ""^"SPnncipie^Mhe 
£ 22i2L--The fac, , hat chroraatk ab 

components of a light ^ focus ^fct^ha, different spectra, 

is used — *« - r s ,rom ^ 

feMnta. of a measuring IjX^™" °° S ° tha ' '»* S P~<«« 

«*» with spaclral resoiwj «* imaging system> by a 

»• IT* , ight rcceiver „ erc ™ / "* *«-. . between the sensor and 

«* — » .ft*, the lIlumina(ing ^ !" 2 ~ —in respec, t0 th e 
components of the mm***. u *„ * " 0 * er WOrds ' *• spectral 

- **- ^ system in :^r;:::T by *• *— • — - - 

componenrs are above each o,her in the o bjcct tea ^ ** difftre "' 

®& If there is then an object in th* 

- surface ,o be meaj d ^ ^ ^ "* ™ -ponen, which 
P-jected onro rhe l igh , receiver Tbh( **'™ B ~ P ° SSib,c f °- s , is pre ferab, y 
P-ferab,y Mtisfied foron£ -^"J""**"^-*' "nfoca, condition is 

*^^*^^-^«**»*>~««« 

""asureofthedrsrance between me sensor 


SEP-02-2003 13:24 HDP 7033903020 P. 07 

New V s. p atent AppIjcaU 
according ,„ an c mh ,- D °clcetNo. 32860-000571/US 

*— "~ "cording .o ■ UBtaSta JS" Syt " temS - * confoca! 

- 1- dete m i„ ed with . s,„ gl e^~T^ ' h ' refore a, '<>w s Stance 

-«« tnoventen, of an X 2 ^ ^ ad -~X 

-«„ , h e S e„ sor as . ; a ;r nl o,the sCTsor nor re,a,i - 

™agin gsystera , the o ^"""-ncaJapenuro of the optica, 

resoluuon power of the light receiver. 

I!!2la The sensor accordino to an 

for measurement objects ^f™^ invention is pmicu)ar , y 
which is ahnos, color-ne^* i * "'^^ **< " ' —r 

»i<hoo, coiorcah-hradon i " * * " » *— *— 

-- * w W ch aregeneX::::::'?^ 0 " 5 ^^--- 

clonic components and suhs^ Fo T ~ S 

invention can he used in -JT* *" — *• — -cording to the 

-bjec, t0 a high ,eve, of in-accumcy ^ " m 

According to QWa^„ , ,. 

- o^a, imaging ^ «— « ^ fed „. 

Propor-tiona, t0 ^ square f J*" * to * t *«*-« of the sensoris di re c Uy 

— a pic:~ ~ NA - n < — - - - 

iMlZl Accord,™ to 

-rce, which pro-v^^^-'"* ~- ^, whiK 
Paniou.,^ easjIy . brMd S <*«a, —tata, of the i Uun , iMH „g Iight 
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for «amp,e .atdees or prisms 1 " T OP " Cal reSOlU,i °" «* - 

confoca, manner i„ respect ^ P ° im ^ — W » 

I»8a2L_The development according toCW»aL . 

Kgh. sources and , igh( receiveri „ * ~a^adi ffia!L a 11 ow S a piurahtv of 

system with a p,ura> ity of diffraction .ratio Jn, / ' C ° mSP ° nd - i " g «-« 
source. The pl uraJity of Doim , , ^ ^ from of a '^n.ensional light 

— -i -ir zssr." * be achieved usins * ~— 

P-u-htv of dtffraction grating" C ° mSPOndi "« «~"« •<* « 

10021] Th<* us 

has the adva„!,agl o ^^T^ " ^^^o^, 

a increasing the Juminous efficienev nf *h» ^ 
SyS ' em ' ™« *0 increases the intenaity of * ' ^t^" 0 " 

-ceiver. A further advantage of J "* " 8ht * e »* 

element of the micro-lens ar-ran,™ . Cas * precisel J' 0I * 

ar rangemen, „ associated w ith each diffraction grating. 

The use of an intermediate imaee of th. r ,. 

antage tha, the sensor at me same time confutes a 
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confoca, microscope wjth a Wgh 

opbons fo r me a^angem™ of ftc ^ J" *"«• « tfe* .wo 
"^*«,e funher optical imagjng »*- «— -** 

P«h of the i llum inati„g , ish( and ; ca ^.";™^ * - bean, 
*-» - .be bean, splitter . Alsn ^ "2 *** 
only in the bean, path of^T " to *»« 

wbich is locfed soleIy ,„ ^ . 0P " Cal m ^ s ^n, is pre f erabIv used 

*»* - *. b J t ei?: ^ ° f ~* «* — t „e oean, 

!<><>23J According to GWn-M)™ . . ,. 

-a of 3 ^ «— " - *« 

*« regress of ,He pj^l 7 ""^ " v Mti , 

precse arrange of , hc fight ^ ^ ^ ^ 

i»g to the diffraction graun* n^tnx has ,h 7 rM0,U "' 0n ««»*«»»- 

^ uu to mainx has the advanfaap fho fr « i v . 
on the measurement object can be sc * * 1 P ^ ° f SUrface P oints 

I202a__ Punner advantages and features of th, 

—P*. of e,am P ,es of current,, pZlt^T T" "* "* ~ " 
djawiigsjvhj^ * P -e-red embodiments below, inclurti,,. .u. 


Hgme , shows . ^ 
^ 2 Sh ° WS 3 -foca, o P „ ca , distance 


sensor, 
sensor. 
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— m£ 5 WB\>D\MIWIS 

*"°w„ a, a point Iigh| . d,ffraC "°" ««»g 1 1 1 co„ St i- [utes what is 

— . - ~, 0 „ ^ ~ -te hgh, bea m , 12 . 

130, which ha, . high kvel ofc 7 P ' mer 12 °' StnkM - Paging 

«*« 5pectral co "° ? ts fte ,isht 1 12 ta ° 

*P«tn>, c„ m . poncnt U2b Md Kd 1,2a, a green 

sche„,,„ca„y in Pjgure , Md 3 S " e ^ «">Pon=n. . ,2c axe shown 

on the surface 140 of , 8 * ' D,ffere "' «-d surface areas are i„u m i„a.ed 

Soing ou, , rom the surface Z w T ~ 3 "—*« 

■p— co m - P „ ncm , 52b and . blue ,^ c r rai component i52a ' a ^ 

«ch spectral color. ° mp0nem I52c ' ta strength for 

IfiSS] The measuring beam 157 f s 

*• K* beam J 1 2 off lhe surface ^ " *™ b * « P-tial reflection of 

dce lo oe measured Mn 
■n>ag,„ g system I30 imo , '«* „ projected by the opdea, 

no between * ^ '* ^ 

pom. detector. According to the emboH ^ 5ySKm 130 *e 

* a co,or detector Jo r h Tr n ' ^ ^ "* " .~ 

^ontheheightofthet^.r:: 

on'y satisfied between the point hght Z "* ^ <• 

one spectra, co,o, wh.ch ma k e s ^LT" " * ' « - «*» for 

intensity recorded by the poin, detector ^ Pr ° P ° ni ° n "» of the tota, 

- PO^. de.ec.or is . ^ ^T" " « ** »* * 

surface of ,he measurement object. "* d ' S ' anCe Se " S0 ' "» 

and the 
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P«.m detector. I„ , his case (hc 7 ""Ranged with the posiam 0{ 

^ 03 U Figure 2 shows a m,.u- u 

of the inve^tr £enS ° r ^ » * «~- 

^rcc 2,0, which = mits , white ( . " " MnS ° r200 « hgh, 

«*» ^rcc 210 on, y one ,igh, be™ 212 ""^ «^«-— «I 

*»* of the light source 210 „ £h "!"*', na ' mg fr °™ ' -wo-dintensiona, 
optica, imaging sysKm 23Q whj Sh °" ■ -m 2,2 „ ^ by an 

-rface e,eme„ t of the hgh, source 210 ,s g lel d ^ 225 ° f "" 

iSajaj In the plane of the inre™^ . 

«~ about an a* s of J '^t"^ ^ " 3 ^ ^ 
P'-% of point hgh, sources seTe ' " ^ * k 260 ™* « 

«* * intermediate image 225 T£S ! 2 ^ *" "* ^ * «» 
260 » * - optica, 4 ~ * «- « 

of chro-matic abe^uon, onto the ro " " ^ » ' "* 

"* ^ '» «tt. the hgh, beam 212 ta^ ~" ^ ^ ^ 

spectra, component 212a, a green s 2 - which 

I2S ^ 3 J— foca, poi„ ts of these different .„ , 

*"« a height measuremen, ra„. e 24, 7 C ° mP ° nen ' S 2J2b ' 

"'"Moated on ,he surface 240 of, m reSU " d ' fftrem *« «*« areas are 

-or of the light heam 2,2. ^ °" 
•"0 lower the hgh, de„ si , y „ ,„ e ^"e "' Um ™" 0n s "*ce on me surface ^ 

measuring beam 252 due ,o at lea«, • T" '" < " , "' i0n ' WWch « enerat « a 

a'leastpama, scattering back 0 f the hgh, beam 2,2. 
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mediate imase 225 . The '""*" 8 S " Sten > 230 -<» *e p.ane „ f ,„ e 

•"-ugh the sante hole in the Nip . kow ^ * «—» ^ *« P*se 5 
surface 240 beforehand The hi """^ " ,a ™™ion of the 

dimensional color de<ector 250 In «.• ^ SyS ' Cm 253 0,1,0 * <*«>- 

- Poin. m source. The spec " 3 h — ' * 

— n g e St i„ tt „ sit , isthe : o t aTr:r f T Murinsbeam25iwhichh - 

disk 260 therefore advantageously alhJ * 24 °' Th ' 

scanning process. ' Same Ume with "ch individual 

- diction gratings oei„ s £Z LT^ ^ ** ^ "* — ° f 
«• - the surface t0 bc m LuU 2 1 '^""' 0 " "** — * 
surface points a, the SMIe time ""^ * 0 "*"°*% out at a pharaKty of 

f 23 ^— To summarize. aU £ « £ n i£=3 b lfcn . of , . 

sensor ee*^;^^ » *• ""focal ttnagtng pri „ ciple . Th<i 

drfferen, 5pectral J'^^ « ><* 2.2 

which the ill um i n a ti „ g li. hl is ,. „ P '""^ SJ,SKm »0. through 

- different dtstances from the optica, Z """"^ "«* 2,2 W «« 

action of the optical imaa ^ 230 *" 10 * 0 »"">.nc 
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illuminating light 212, a light receiver u ,■ L 

measuring light 252 which ■ 25 °- I! *^^ detects the 

illuminating tZ^l "~ " ^ * ^ ^ " - 
"<uuig ngnc 212, with spectral re<;nhifirm n r ■ . 

which define, ft. J. ' JJtoisuaci^^ „ Ma , 

source 210 between the «*,>.. • two-dimensional light 

with which a p] ura ,i, y of sur fi _ . 86 22S ' ™*«hannel distance sensor, 

P«f«ah ly be !c„™ T P °' ntS bC " " "» «~ — ■ «- 
which „ 1" 7~ ««„ gra^s. each of 

claims " " tne §£2Bg of the followin g 
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